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S p a c e c r a f t  cab in  d e p r e s s u r f z a t i o n  and c o n c u r r e n t  
r e p r e s s u r i z a t i o n  w i t h  a d i l u e n t  g a s  i s  examined as a s t r a t e g y  
f o r  d e a l i n g  w i t h  s p a c e c r a f t  f i r e s  i n  f l i g h t .  The b a s i c  p h i l o -  
sophy i s  t o  q u i c k l y  reduce  t h e  p a r t i a l  p r e s s u r e  of  oxygen 
below t h e  l e v e l  which would s u p p o r t  combustion w h i l e ,  a t  t h e  
same t i m e ,  m a i n t a i n i n g  t o t a l  c a b i n  p r e s s u r e  a t  a l e v e l  which 
would p r e v e n t  d e t r i m e n t a l  p h y s i o l o g i c a l  e f f e c t s .  T h i s  d e s i g n  
approach  a t t e m p t s  t o  de t e rmine  (1) what a r e  t h e  r e l a t i v e  
advan tages  t o  u s i n g  e i the r  he l ium o r  n i t r o g e n  as a d i l u e n t  g a s ,  
( 2 )  what t y p e  o f  hardware c o n f i g u r a t i o n  i s  i n d i c a t e d ,  and 
( 3 )  how shou ld  t h e  system b e  employed. P r o c e d u r a l  r equ i r emen t s  
are  developed  i n  t h e  l i g h t  o f  proposed  sys tem c a p a b i l i t i e s .  

It i s  recommended t h a t  expe r imen t s  be  performed t o  
d e t e r m i n e  whether  r a p i d  r e d u c t i o n  of  oxygen p a r t i a l  p r e s s u r e  
( i . e .  5-15 seconds )  combined w i t h  m a i n t a i n i n g  a t o t a l  c a b i n  
p r e s s u r e  of 3 p s i a ,  by means of  a d i l u e n t  g a s ,  i s  e f f e c t i v e  as 
a means of e x t i n g u i s h i n g  a f i r e .  I f  war ran ted ,  i t  i s  f u r t h e r  
recommended tha t  a s t u d y  b e  i n i t i a t e d  t o  s e l e c t  t h e  b e s t  
d i l u e n t  g a s  and hardware combina t ion ,  w i t h  s p e c i a l  a t t e n t i o n  
g i v e n  t o  a number of q u e s t i o n s  which were posed on g a s  dynamics 
and p r e s s u r e  e f f e c t s .  

Though no t  d i r e c t l y  r e l a t e d  t o  t h e  d i l u e n t  g a s  s t u d y ,  
a f i g u r e  i s  i n c l u d e d  which shows t h e  r e l a t i o n  between o r i f i c e  
area and d e p r e s s u r i z a t i o n  t i m e  i n  a vacuum f o r  t h e  Block I1 CM.  
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SUBJECT: A Parametric Study on the Use of DATE: April 17, 1967 
Diluent Gases as a Means of 
Extinguishing Spacecraft Fires FROM: L.  G .  Miller in Flight - Case 330 

TECHNICAL MEMORANDUM 

INTRODUCTION 

Recent attention to review of design and procedural 
provisions for crew safety in the event of a fire in the space- 
craft cabin has prompted an extension of the writer's work on 

extensive and continuing work being performed at the Manned 

so far, that inert gas extinguishers are ineffective as a 
technique for extinguishing fire in space vehicles. It has 
been reported that the gas streams from such extinguishers 
entrain sufficient oxygen from the spacecraft atmosphere to 
cause the fire to burn more vigorously rather than to be 
extinguished. Further, the tests performed using inert gases 
such as nitrogen as a diluent indicated that the turbulence 
caused by introduction of the gas caused more intense burning. 
With regard to the combustion characteristics of various 
materials in zero gravity, test results indicated that, after 
ignition, flames disappeared due to lack of convection currents 
and then reappeared when convection was re-established. It 
was tentatively concluded that, in a spacecraft, there would 
be sufficient movement of the atmosphere by fans o r  crew motion 
so that addition of a diluent gas could not be counted on as a 
reliable metho,d of extinguishing a fire. 

CM depressurization during terminal countdown-. 1 

Spacecraft Center-, 2 

As a part of 

tests have been conducted which indicate, 

-Final 1 Report: Command Module Depressurization During 
Terminal Countdown - Case 330, Bellcomm Memorandum For File 
dated January 20, 1967, by L. G. Miller. 

-Proposed 2 NASA-TN (presently undergoing technical review) 
on the subject of Fire Extinguishment in an Oxygen-rich Hypo- 
baric Environment, by J. H. Kimzey, MSC/ES4; see also NASA film 
entitled "Flame Propagation,'' MSC film r o l l  CL-67-34. 
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TECHNICAL MEMORANDUM 

I N T R O D U C T I O N  

Recent a t t e n t i o n  t o  r ev iew o f  d e s i g n  and p r o c e d u r a l  
p r o v i s i o n s  for crew s a f e t y  i n  t h e  e v e n t  of a f i r e  i n  t h e  space-  
c r a f t  c a b i n  has prompted a n  e x t e n s i o n  o f  t h e  w r i t e r ' s  work on 

e x t e n s i v e  and c o n t i n u i n g  work  b e i n g  performed a t  t h e  Manned 
S p a c e c r a f t  Center-, t e s t s  have been conducted which i n d i c a t e ,  
s o  f a r ,  t h a t  i n e r t  g a s  e x t i n g u i s h e r s  are  i n e f f e c t i v e  as a 
t e c h n i q u e  f o r  e x t i n g u i s h i n g  f i r e  i n  space  v e h i c l e s .  It has 
been  r e p o r t e d  t h a t  t h e  g a s  streams from such  e x t i n g u i s h e r s  
e n t r a i n  s u f f i c i e n t  oxygen from t h e  s p a c e c r a f t  a tmosphere t o  
c a u s e  t h e  f i r e  t o  b u r n  more v i g o r o u s l y  r a t h e r  t h a n  t o  b e  
e x t i n g u i s h e d .  F u r t h e r ,  t h e  t e s t s  performed u s i n g  i n e r t  g a s e s  
such  as n i t r o g e n  as a d i l u e n t  i n d i c a t e d  t h a t  t h e  t u r b u l e n c e  
caused  by i n t r o d u c t i o n  o f  t h e  g a s  caused  more i n t e n s e  bu rn ing .  
With r e g a r d  t o  t h e  combustion c h a r a c t e r i s t i c s  of  v a r i o u s  
materials i n  z e r o  g r a v i t y ,  t e s t  r e s u l t s  i n d i c a t e d  t h a t ,  a f t e r  
i g n i t i o n ,  flames d i s a p p e a r e d  due t o  l a c k  o f  c o n v e c t i o n  c u r r e n t s  
and  t h e n  r e a p p e a r e d  when convec t ion  was r e - e s t a b l i s h e d .  It 
was t e n t a t i v e l y  concluded  t h a t ,  i n  a s p a c e c r a f t ,  there  would 
b e  s u f f i c i e n t  movement o f  t h e  atmosphere by  f a n s  or crew motion 
s o  t h a t  a d d i t i o n  o f  a d i l u e n t  g a s  cou ld  n o t  b e  counted  on as a 
r e l i a b l e  metho,d o f  e x t i n g u i s h i n g  a f i r e .  

CM d e p r e s s u r i z a t i o n  d u r i n g  t e r m i n a l  countdown-. 1 A s  a p a r t  of  

2 

1 -F ina l  Repor t :  Command Module D e p r e s s u r i z a t i o n  During 
Te rmina l  Countdown - Case 330, Bellcomm Memorandum For  F i l e  
dated Janua ry  2 0 ,  1967,  by L.  G .  Mil ler .  

-Proposed 2 NASA-TN ( p r e s e n t l y  undergoing  t e c h n i c a l  r ev iew)  
on t h e  s u b j e c t  of F i r e  Ext inguishment  i n  a n  Oxygen-rich Hypo- 
b a r i c  Environment,  by J .  H .  Kimzey, MSC/ES4; s e e  a l s o  NASA f i l m  
e n t i t l e d  "Flame Propaga t ion , "  MSC f i l m  roll CL-67-354. 
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I N T R O D U C T I O N  

Recent a t t e n t i o n  t o  r ev iew o f  d e s i g n  and p r o c e d u r a l  
p r o v i s i o n s  f o r  crew s a f e t y  i n  t h e  e v e n t  of a f i r e  i n  t h e  space-  
c r a f t  c a b i n  has prompted an  e x t e n s i o n  o f  t h e  wr i t e r ' s  work on 

A s  a p a r t  of  
e x t e n s i v e  and c o n t i n u i n g  work b e i n g  performed a t  t h e  Manned 
S p a c e c r a f t  Center-, t e s t s  have been conducted  which i n d i c a t e ,  
s o  f a r ,  that  i n e r t  g a s  e x t i n g u i s h e r s  are i n e f f e c t i v e  as a 
t e c h n i q u e  f o r  e x t i n g u i s h i n g  f i r e  i n  space  v e h i c l e s .  It has 
been  r e p o r t e d  t h a t  t h e  g a s  streams from such  e x t i n g u i s h e r s  
e n t r a i n  s u f f i c i e n t  oxygen from t h e  s p a c e c r a f t  a tmosphere t o  
c a u s e  t h e  f i r e  t o  bu rn  more v i g o r o u s l y  ra ther  t h a n  t o  be 
e x t i n g u i s h e d .  F u r t h e r ,  t h e  t e s t s  performed u s i n g  i n e r t  g a s e s  
such  as n i t r o g e n  as a d i l u e n t  i n d i c a t e d  t h a t  t h e  t u r b u l e n c e  
caused  by i n t r o d u c t i o n  o f  t h e  g a s  caused  more i n t e n s e  bu rn ing .  
With r e g a r d  t o  t h e  combustion c h a r a c t e r i s t i c s  o f  v a r i o u s  
materials i n  z e r o  g r a v i t y ,  t e s t  r e s u l t s  i n d i c a t e d  t h a t ,  a f t e r  
i g n i t i o n ,  f lames  d i s a p p e a r e d  due t o  l a c k  o f  c o n v e c t i o n  c u r r e n t s  
and  t h e n  r e a p p e a r e d  when convec t ion  was re-establ ished.  It 
was t e n t a t i v e l y  concluded t ha t ,  i n  a s p a c e c r a f t ,  t he re  would 
b e  s u f f i c i e n t  movement o f  t h e  atmosphere by f a n s  or crew motion 
so  t h a t  a d d i t i o n  o f  a d i l u e n t  g a s  c o u l d  no t  b e  counted  on as a 
r e l i a b l e  metho,d of e x t i n g u i s h i n g  a f i r e .  

CM d e p r e s s u r i z a t i o n  d u r i n g  t e r m i n a l  countdown-. 1 

2 

1 -F ina l  R e p o r t :  Command Module D e p r e s s u r i z a t i o n  During 
Te rmina l  Countdown - Case 330,  Bellcomm Memorandum For  F i l e  
dated J a n u a r y  2 0 ,  1 9 6 7 ,  by  L .  G .  M i l l e r .  

2 -Proposed NASA-TN ( p r e s e n t l y  undergoing  t e c h n i c a l  r e v i e w )  
on t h e  s u b j e c t  of F i r e  Ext inguishment  i n  a n  Oxygen-rich Hypo- 
b a r i c  Environment ,  by  J .  H .  Kimzey, MSC/ES4; s e e  a l s o  NASA f i l m  
e n t i t l e d  "Flame Propaga t ion , "  MSC f i l m  roll CL-67-34. 
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I TECHNICAL MEMORANDUM 

INTRODUCTION 

FROM: L. G. Miller 

Recent attention to review of design and procedural 
provisions for crew safety in the event of a fire in the space- 
craft cabin has prompted an extension of the writer's work on 
CM depressurization during terminal countdownl. As a part of 
extensive and continuing work being performed at the Manned 
Spacecraft Center-, tests have been conducted which indicate, 
so far, that inert gas extinguishers are ineffective as a 
technique for extinguishing fire in space vehicles. It has 
been reported that the gas streams from such extinguishers 
entrain sufficient oxygen from the spacecraft atmosphere to 
cause the fire to burn more vigorously rather than to be 
extinguished. Further, the tests performed using inert gases 
such as nitrogen as a diluent indicated that the turbulence 
caused by introduction of the gas caused more intense burning. 
With regard to the combustion characteristics of various 
materials in zero gravity, test results indicated that, after 
ignition, flames disappeared due to lack of convection currents 
and then reappeared when convection was re-established. It 
was tentatively concluded that, in a spacecraft, there would 
be sufficient movement of the atmosphere by fans or crew motion 
so that addition of a diluent gas could not be counted on as a 
reliable metho,d of extinguishing a fire. 

2 

1 -Final Report: Command Module Depressurization During 
Terminal Countdown - Case 330, Bellcomm Memorandum For File 
dated January 20, 1967, by L. G. Miller. 

2 -Proposed NASA-TN (presently undergoing technical review) 
on the subject of Fire Extinguishment in an Oxygen-rich Hypo- 
baric Environment, by J. H. Kimzey, MSC/ES4; see also NASA film 
entitled "Flame Propagation,'' MSC film r o l l  CL-67-354. 
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I N T R O D U C T I O N  

Recent a t t e n t i o n  t o  r ev iew o f  d e s i g n  and p r o c e d u r a l  
p r o v i s i o n s  f o r  crew s a f e t y  i n  t h e  e v e n t  of a f i r e  i n  t h e  space-  
c r a f t  c a b i n  has prompted a n  e x t e n s i o n  o f  t h e  w r i t e r ' s  work on 
CM d e p r e s s u r i z a t i o n  d u r i n g  t e r m i n a l  countdown-. A s  a p a r t  of  
e x t e n s i v e  and c o n t i n u i n g  work  b e i n g  performed a t  t h e  Manned 
S p a c e c r a f t  Center-, t es t s  have been conducted which i n d i c a t e ,  
So fa r ,  t h a t  i n e r t  g a s  e x t i n g u i s h e r s  a r e  i n e f f e c t i v e  as a 
t e c h n i q u e  f o r  e x t i n g u i s h i n g  f i r e  i n  space  v e h i c l e s .  It has 
been  r e p o r t e d  t h a t  t h e  g a s  s t r e a m s  from such  e x t i n g u i s h e r s  
e n t r a i n  s u f f i c i e n t  oxygen from t h e  s p a c e c r a f t  a tmosphere t o  
c a u s e  t h e  f i r e  t o  bu rn  more v i g o r o u s l y  r a t h e r  t h a n  t o  be  
e x t i n g u i s h e d .  
such  as n i t r o g e n  as a d i l u e n t  i n d i c a t e d  t h a t  t h e  t u r b u l e n c e  
caused  by i n t r o d u c t i o n  o f  t h e  gas caused more i n t e n s e  bu rn ing .  
With r e g a r d  t o  t h e  combustion c h a r a c t e r i s t i c s  o f  v a r i o u s  
materials i n  z e r o  g r a v i t y ,  t e s t  r e s u l t s  i n d i c a t e d  t h a t ,  a f t e r  
i g n i t i o n ,  flames d i s a p p e a r e d  due t o  l a c k  o f  c o n v e c t i o n  c u r r e n t s  
and  t h e n  r e a p p e a r e d  when convec t ion  was r e - e s t a b l i s h e d .  It 
was t e n t a t i v e l y  concluded t h a t ,  i n  a s p a c e c r a f t ,  t h e r e  would 
b e  s u f f i c i e n t  movement o f  t h e  atmosphere by f a n s  o r  crew motion 
so  t h a t  a d d i t i o n  of a d i l u e n t  g a s  cou ld  no t  be counted  on as a 
r e l i a b l e  metho,d of e x t i n g u i s h i n g  a f i r e .  

1 

2 

F u r t h e r ,  t h e  t e s t s  performed u s i n g  i n e r t  g a s e s  

1 -F ina l  Repor t :  Command Module D e p r e s s u r i z a t i o n  Dur ing  
Te rmina l  Countdown - Case 330, Bellcomm Memorandum For  F i l e  
da ted  J a n u a r y  2 0 ,  1967,  by L.  G .  M i l l e r .  

2 -Proposed NASA-TN ( p r e s e n t l y  undergoing  t e c h n i c a l  r ev iew)  
on t h e  s u b j e c t  of F i r e  Ext inguishment  i n  a n  Oxygen-rich Hypo- 
b a r i c  Environment ,  by J .  H .  Kimzey, MSC/ES4; s e e  a l s o  NASA f i l m  
e n t i t l e d  "Flame Propaga t ion , "  MSC f i l m  r o l l  C L - 6 7 - 3 4 .  
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With t h i s  as background, t h e  w r i t e r  conce ived  t h e  
idea o f  p a r t i a l l y  d e p r e s s u r i z i n g  t h e  s p a c e c r a f t  c a b l n  upon 
d i s c o v e r i n g  t h e  p r e s e n c e  o f  a f i r e  and c o n c u r r e n t l y  repres- 
s u r i z i n g  t h e  c a b i n  w i t h  a d i l u e n t  gas.  While t h i s  would c r e a t e  
c o n v e c t i o n  c u r r e n t s ,  t h e  b a s i c  s t r a t e g y  would be t o  q u i c k l y  
r e d u c e  t h e  p a r t i a l  p r e s s u r e  of oxygen below t h e  l e v e l  which 
would s u p p o r t  combustion w h i l e ,  a t  t h e  same t ime ,  m a i n t a i n i n g  
t o t a l  c a b i n  p r e s s u r e  a t  a l e v e l  which would p r e v e n t  d e t r i m e n t a l  
p h y s i o l o g i c a l  e f f e c t s .  This  memorandum r e p o r t s  t h e  r e s u l t s  
o f  t h i s  s t u d y  and s u g g e s t s  c e r t a i n  d e s i g n  c o n s i d e r a t i o n s  f o r  
a f i r e  e x t i n g u i s h i n g  system which c o u l d  b e  u s e d  i n  f l i g h t .  It 
i s ,  however, a d e s i g n  approach on ly  s i n c e  t h e  f e a s i b i l i t y  of 
implementing t h e  concept  i s  a s u b j e c t  which i s  n o t  w i t h i n  t h e  
scope  o f  t h i s  work. The s tudy  does  y i e l d  p r o c e d u r a l  r e q u i r e -  
ments  i n  t h e  l i g h t  of proposed s y s t e m  c a p a b i l i t i e s .  

ASSUMPTIONS 

The computer program developed  f o r  t h i s  s t u d y  i s  a n  
e x t e n s i o n  of  t h e  DEPRES Program r e p o r t e d  i n  t h e  r e f e r e n c e  o f  
F o o t n o t e  1. A s  such ,  i t  r e t a i n s  a l l  o f  t h e  b a s i c  c a p a b i l i t i e s  
and  a s sumpt ions  o f  t h e  DEPRES Program. An o p t i o n  which a l l o w s  
r e p r e s s u r i z a t i o n  w i t h  a d i l u e n t  g a s  has been added. D a l t o n ' s  
Law i s  used  t o  develor,  Dartial  p r e s s u r e s ,  and G i b b ' s  Law i s  
used  t o  
gases. 

1. 

2. 

3. 

4. 

c a l c u l a t e  t h e -  p h y s i c a l  p r o p e r t i e s  o f  t h e  m i x t u r e  o f  two 
More s p e c i f i c a l l y :  

D e p r e s s u r i z a t i o n  and r e p r e s s u r i z a t i o n  take  p l a c e  
a t  t h e  same t i m e ,  and it  i s  assumed t h a t  t h i s  
combina t ion  of a c t i v i t i e s  r e s u l t s  i n  a p r o c e s s  
which can  roughly  be d e s c r i b e d  as i s o t h e r m a l .  
That  i s ,  t h e  l a r g e  heat c a p a c i t y  of t h e  c a b i n  
i s  assumed t o  e x e r t  t h e  major  i n f l u e n c e  on c a b i n  
t e m p e r a t u r e .  T h i s  a s sumpt ion  i s  f u r t h e r  
enhanced by t h e  s h o r t  p e r i o d  o f  t i m e  d u r i n g  
which t h e  f i r e  e x t i n g u i s h i n g  s y s t e m  o p e r a t e s .  

It i s  assumed t h a t  p e r f e c t  and i n s t a n t a n e o u s  
mixing  o f  t h e  t w o  gases o c c u r s .  

It i s  a s s u m e d  t h a t  t h e  s p a c e c r a f t  i s  i n  f l i g h t  
and t h e  c a b i n  i s  p r e s s u r i z e d  t o  5 p s i a  w i t h  
p u r e  oxygen. 

A s t r o n a u t s  cou ld  be e i t h e r  i n  or o u t  o f  t h e i r  
s u i t s .  If t h e  a s t r o n a u t s  were i n  " s h i r t  
s l e e v e s , "  i t  must n e c e s s a r i l y  b e  assumed tha t  
t h e  crew has i n d i v i d u a l ,  f i r e  r e s i s t a n t  emer- 
gency oxygen s u p p l i e s  and masks s imilar ,  pe rhaps ,  
t o  t h o s e  used i n  h igh  per formance  a i r c r a f t .  It 
i s  unde r s tood  t h a t  a number of  such  d e v i c e s  i s  
p r e s e n t l y  b e i n g  e v a l u a t e d .  
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5.  It i s  assumed t h a t  t h e  s p a c e c r a f t  c o n t a i n s  
adequa te  p r o v i s i o n s  f o r  f i r e  d e t e c t i o n .  

SEQUENCE OF EVENTS 

On d i s c o v e r i n g  t h e  p r e s e n c e  o f  a f i r e  i n  t h e  space-  
c r a f t  c a b i n ,  t h e  f o l l o w i n g  a c t i o n s  must t ake  p l a c e :  

1. Turn o f f  c a b i n  oxygen supp ly  and c i r c u l a t i n g  
f a n s .  ( I t  may a l s o  be wor thwhi le  t o  i n v e s t i g a t e  
t h e  mer i t  of t u r n i n g  o f f  s p a c e c r a f t  power a t  t h i s  
t ime.  ) 

2 .  Vent s p a c e c r a f t ,  ( A s t r o n a u t s  would have t o  
a c t i v a t e  t h e i r  emergency oxygen s u p p l i e s  a t  
t h i s  p o i n t  i f  t hey  were o u t  of t h e i r  s u i t s . )  

3. A c t i v a t e  pu rge  o f  d i l u e n t  gas. 

4. Close  c a b i n  vent  and t u r n  o f f  pu rge  when 
p a r t i a l  p r e s s u r e  of  oxygen d r o p s  s u f f i c i e n t l y  
( p r o b a b l y  de te rmined  by  r e q u i r i n g  o p e r a t i o n  
of t h e  pu rge  f o r  a s p e c i f i e d  p e r i o d  o f  t i m e ) .  

5 .  Take n e c e s s a r y  a c t i o n  t o  p r e v e n t  r e o c c u r r e n c e  
o f  f i r e .  

It f o l l o w s  tha t  t h e s e  e v e n t s  must t ake  p l a c e  w i t h i n  
c e r t a i n  p h y s i o l o g i c a l  boundary c o n d i t i o n s  i n  o r d e r  t o  p e r m i t  
t h e  a s t r o n a u t s  t o  con t inue  f u n c t i o n i n g .  The  f o l l o w i n g  

3 g u i d e l i n e s -  have been used:  

1. T o t a l  p r e s s u r e  n o t  l ess  t h a n  1 . 6  p s i a  
1 . 7  seconds  a f t e r  hav ing  i n i t i a t e d  c a b i n  v e n t .  

2 .  P a r t i a l  p r e s s u r e  of oxygen less t h a n  o r  a t  
most e q u a l  t o  40 mmHg ( 0 . 8  p s i )  w i t h i n  1 0  

s econds  a f t e r  i n i t i a t i o n  o f  c a b i n  vent-. 4 

3. T o t a l  p r e s s u r e  n o t  l e s s  t h a n  1 . 6  p s i a  f o r  
more t h a n  3 seconds .  

- P h y s i o l o g i c a l  3 C o n s t r a i n t s  t o  Emergency Cabin Depres-  
s u r i z a t i o n  - Case 330 (Draft)  by T .  A .  Bot tomley ,  J r .  

4 - Informat ion  a v a i l a b l e  from p r e l i m i n a r y  MSC t e s t s  i n d i -  
c a t e s  t h a t ,  i n  g e n e r a l ,  combustion w i l l  n o t  c o n t i n u e  i n  a 
3 p s i a  a tmosphere  ( i n  o r b i t )  i f  t h e  p a r t i a l  p r e s s u r e  o f  oxygen 
i s  less t h a n  40  mmHg. ( S t a k l i s ,  A .  A . ,  F i r e  C o n t r o l  f o r  Space- 
c r a f t  w i t h  5 psia  Oxygen Atmosphere, Proposed N A S A  Tn 5-136, 
October  1 4 ,  1966.) 
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4 .  T o t a l  p r e s s u r e  not l ess  t h a n  2 . 7  p s i a  f o r  

5. T o t a l  p r e s s u r e  g r e a t e r  t h a n  o r  e q u a l  t o  3 .0  

more t h a n  15 seconds .  

psia a f t e r  2 minu tes .  

E x i s t i n g  p h y s i o l o g i c a l  d a t a  i n d i c a t e s  t h a t  t h e  a s t r o n a u t s  can 
c o n t i n u e  t o  f u n c t i o n  i f  t h e  above c o n d i t i o n s  a re  m a i n t a i n e d .  

STUDY PARAMETERS 

I n t e r e s t  has been e x p r e s s e d  i n  t h e  u s e  o f  e i t h e r  
he l ium or n i t r o g e n  as a d i l u e n t  gas, hence t h e  computer program 
was w r i t t e n  t o  pe rmi t  e a s y  s u b s t i t u t i o n  of  t h e  a p p r o p r i a t e  gas 
c h a r a c t e r i s t i c s .  The d i l u e n t  gas r e s e r v o i r  s i z e  and f low r a t e  
were s i z e d  t o  a l l o w  a t t a i n m e n t  of a s t e a d y  s t a t e  f low c o n d i t i o n .  
P r e l i m i n a r y  work e s t a b l i s h e d  t h e  t h r e s h o l d  c a b i n  p r e s s u r e  v a l u e  
f o r  s t a r t i n g  t h e  f low o f  d i l u e n t  g a s .  T h i s  was t h e n  s i z e d  t o  
e n s u r e  t h a t  t h e  p h y s i o l o g i c a l  boundary c o n d i t i o n s  were n o t  
exceeded .  A lower  bound on c a b i n  p r e s s u r e  was s e l e c t e d  as 
t h e  p o i n t  a t  which t h e  maximum f low r a t e  of  d i l u e n t  gas would 
become a v a i l a b l e .  B e t w e e n  t h e  t h r e s h o l d  p r e s s u r e  and t h i s  
l a t t e r  p o i n t ,  d i l u e n t  g a s  f low r a t e  v a r i e d  l i n e a r l y  w i t h  
p r e s s u r e .  

For  a g i v e n  gas, t h e  area o f  t h e  emergency c a b i n  
v e n t  o r i f i c e  or dump va lve  (he rea f t e r  r e f e r r e d  t o  as t h e  
o r i f i c e  area) was the  p r i m a r y  s t u d y  v a r i a b l e .  Also examined 
was t h e  e f f e c t  o f  v a r y i n g  t h e  t i m e  o f  i n i t i a t i o n  o f  d i l u e n t  
g a s  f low.  

RESULTS 

The r e s u l t s  o f  t h i s  s t u d y  are summarized i n  f o u r  
f i g u r e s .  The f i rs t  c o n t a i n s  a f a m i l y  o f  c u r v e s  showing t h e  
decay D f  p a r t i a l  p r e s s u r e  o f  oxygen v e r s u s  t ime f o r  a number 
o f  d i f fe ren t  o r i f i c e  t o t a l  areas-. A s  i n d i c a t e d ,  t h e  d i l u e n t  
gas i s  hel ium. The shaded p o r t i o n  shows t h e  p r e s s u r e - t i m e  
combina t ions  which a r e  c o n s i d e r e d  t o  be  d e s i r a b l e .  That i s  
t o  s a y ,  a n  oxygen p a r t i a l  p r e s s u r e  o f  l e s s  t h a n  .8  p s i  shou ld  
n o t  pe rmi t  c o n t i n u a t i o n  o f  combust ion ,  and t h i s  l e v e l  shou ld  
be  r e a c h e d  w i t h i n  no more t h a n  t e n  seconds .  The second f i g u r e  
shows a similar f a m i l y  of c u r v e s  u s i n g  n i t r o g e n  as a d i l u e n t  
gas. 

5 

5 -This i s  n o t  t o  be confused w i t h  e f f e c t i v e  area which 
i s  d e f i n e d  as t h e  t o t a l  o r  g e o m e t r i c  area m u l t i p l i e d  by  t h e  
o r i f i c e  c o e f f i c i e n t .  
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A s  was mentioned above,  t h e  f i r s t  two f i g u r e s  were 
o b t a i n e d  assuming t h a t  cabin  v e n t i n g  began a t  t ime  6 q u a l s  
z e r o  and t h a t  f low o f ' t h e  d i l u e n t  g a s  was c o n t r o l l e d  by a 
r e g u l a t o r  which opened, l i n e a r l y ,  from z e r o  t o  f u l l  f low 
between preset  c a b i n  p r e s s u r e  l i m i t s ,  An a n c i l l a r y  s t u d y  
looked  a t  t h e  b e n e f i t s  t o  be g a i n e d  by  d e l a y i n g  t h e  s ta r t  Of 
d i l u e n t  g a s  f low f o r  a s p e c i f i e d  p e r i o d  o f  t i m e .  While t h i s  
s t r a t e g y  d i d  r e s u l t ,  momentar i ly ,  i n  a lower t o t a l  c a b i n  
p r e s s u r e ,  i t  i s  i n t e r e s t i n g  t o  n o t e  tha t  i t  has  a n e g l i g i b l e  
e f f e c t  on t h e  r a t e  a t  which t n e  p a r t i a l  p r e s s u r e  o f  oxygen 
decays .  T h e r e f o r e ,  t h e r e  i s  n o t h i n g  t o  be  g a i n e d  b y  employing 
t h i s  s t r a t e g y ,  and e f f o r t s  were s u b s e q u e n t l y  aimed a t  o b t a i n i n g  
t h e  des i r ed  p a r t i a l  p r e s s u r e  of  oxygen w h i l e  m a i n t a i n i n g  t h e  
c a b i n  p r e s s u r e  a t  an  a c c e p t a b l e  l e v e l .  

F i g u r e  3 p l o t s  t o t a l  c a b i n  p r e s s u r e  v e r s u s  t ime  f o r  
a t y p i c a l  example from each o f  t h e  f i r s t  two f i g u r e s .  The 
shaded area r e p r e s e n t s  t h e  p h y s i o l o g i c a l  boundary which must 
be  avoided .  A s  i s  obvious ,  t h e  model behaved q u i t e  d e c e n t l y .  
The f a c t  t h a t  t h e  c u r v e s  l e v e l  o f f  i n d i c a t e s  t h a t  a pseudo 
s t e a d y  s t a t e  c o n d i t i o n  has been a c h i e v e d .  That  i s ,  t o t a l  c a b i n  
p r e s s u r e  does  n o t  d e c r e a s e ,  bu t  t h e  p a r t i a l  p r e s s u r e  o f  oxygen 
c o n t i n u e s  t o  d rop  u n t i l  i t  r e a c h e s  z e r o .  

For  a g i v e n  o r i f i c e  a r e a ,  t h e  " s t eady  s t a t e "  t o t a l  
c a b i n  p r e s s u r e  i s  a f u n c t i o n  o f  t h e  maximum mass f low r a t e  o f  
d i l u e n t  g a s  and t h e  p r e s s u r e  l e v e l s  a t  which t h e  d i l u e n t  g a s  
r e g u l a t o r  opens and c l o s e s .  For t h e  v a l u e s  s e l e c t e d ,  ( i . e .  
d i l u e n t  g a s  f low i n c r e a s e s  from z e r o  t o  f u l l  f low between 
t o t a l  c a b i n  p r e s s u r e s  of 3.20 and 2 . 9 0  p s i a ) ,  F i g u r e  4 
approx ima tes  t h e  maximum flow r a t e  of  d i l u e n t  gas r e q u i r e d  
t o  m a i n t a i n  t o t a l  c a b i n  p r e s s u r e  a t  3 p s i a  f o r  a g i v e n  o r i f i c e  
a r e a .  No a t t e m p t  was made-to o p t i m i z e  these  c u r v e s .  

Though.not  d i r e c t l y  r e l a t e d  t o  t h e  u s e  of  a d i l u e n t  
g a s ,  F i g u r e  5 has been inc luded  because  o f  t h e  g e n e r a l  i n t e r e s t  
i n  t h e  r e l a t i o n  between o r i f i c e  area and d e p r e s s u r i z a t i o n  
t i m e .  The c u r v e  shows, f o r  an i n i t i a l  c a b i n  p r e s s u r e  of  5 p s i a  
( 1 0 0 %  oxygen) ,  t h e  t ime r e q u i r e d  t o  d e p r e s s u r i z e  t o  1 . 0  and 
0 . 1  ps ia  as a f u n c t i o n  of o r i f i c e  t o t a l  area. The Block I1 CM 
volume was used .  An i s o t h e r m a l  p r o c e s s  was assumed w i t h  a 
c a b i n  t e m p e r a t u r e  o f  75OF. 

DISCUSSION 

The r e s u l t s  o f  t h i s  s t u d y  p o i n t  towards  t h e  answers  
t o  t h r e e  b a s i c  q u e s t i o n s .  These a r e :  (1) What a r e  t h e  r e l a t i v e  
advan tages  t o  u s i n g  e i t h e r  he l ium o r  n i t r o g e n  as a d i l u e n t  g a s ?  
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( 2 )  What t y p e  o f  hardware c o n f i g u r a t i o n  i s  i n d i c a t e d ?  ( 3 )  How 
shou ld  t h e  sys tem be employed? To p r o p e r l y  answer t hese  ques-  
t i o n s ,  one shou ld  f i rs t  examine t h e  "nominal" c a s e ,  and t h e n  
l o o k  a t  t h e  p o s t u r e  r e s u l t i n g  from t h e  o c c u r r e n c e  o f  some 
g r o s s  secondary  f a i l u r e s .  I n  g e n e r a l ,  t hough ,  t h i s  memorandum 
f o l l o w s  t h e  ASP0 a t t i t u d e  that doub le  f a i l u r e s  w i l l  n o t  be  
c o n s i d e r e d .  

I n  t h e  nominal  c a s e ,  a f i r e  o c c u r s ,  i s  q u i c k l y  
r ecogn ized , - and  t h e  crew proceeds  t o  c a r r y  o u t  a number of  
pre-rehearsed a c t i o n s .  It i s  assumed t h a t  a l l  equipment a s s o -  
c i a t e d  w i t h  t h e  f i r e  extinguishing s y s t e m  f u n c t i o n s  p r o p e r l y .  
O f  p r imary  impor t ance  i s  t h e  r a p i d i t y  w i t h  which t h e  
pre-rehearsed a c t i o n s  a re  i n i t i a t e d .  

Re fe rence  t o  F i g u r e s  1 and 2 shows tha t  i t  t akes  a 
l o n g e r  t ime t o  r e a c h  a g i v e n  p a r t i a l  p r e s s u r e  o f  oxygen when 
n i t r o g e n  i s  used  as t h e  d i l u e n t  g a s .  F i g u r e  4 i n d i c a t e s  t h a t  
t h e  r e q u i r e d  mass f low ra te  of  n i t r o g e n  i s  two o r  t h r e e  t imes  
as  great  as he l ium f o r  a g iven  o r i f i c e  area.  Thus,  c o n s i d e r i n g  
o n l y  these  g r o s s  f a c t o r s ,  one might  conc lude  t h a t  he l ium i s  
t he  b e t t e r  c h o i c e  as a d i l u e n t  g a s .  But ,  u n f o r t u n a t e l y ,  t h e  
answer i s  n o t  t h a t  s i m p l e .  The s e l e c t i o n  o f  a d i l u e n t  g a s  
must a l s o  c o n s i d e r  p h y s i o l o g i c a l  problems such  as decompress ion  
s i c k n e s s  and v o i c e  d i s t o r t i o n  which might  a r i s e  i f  t h e  d i l u e n t  
gas were s u b s e q u e n t l y  t o  contaminate  t h e  s u i t  l o o p  o r  o t h e r w i s e  
b e  i n h a l e d .  The h e a t - p u l s e  problem, which dea l s  w i t h  t h e  r a t e  
of p r e s s u r e  and t e m p e r a t u r e  r i s e  i n  t h e  c a b i n ,  must b e  a n a l y z e d  
f o r  t h e  nominal  c a s e  and for t h e  l i m i t i n g  c a s e  i n  which one 
i s  u n a b l e  t o  r e l i e v e  cab in  p r e s s u r e  q u i c k l y .  I n  a d d i t i o n ,  
t h e r e  w i l l  have  t o  b e  a n  a n a l y s i s  o f  t h e  dynamics of  t h e  h igh  
mass f lows  i n  o r d e r  t o  e n s u r e  t h a t  t h e  crew would n o t  be  
i n j u r e d  by d i r e c t  impingement o r  f l y i n g  o b j e c t s .  However, 
p h y s i o l o g i c a l  f a c t o r s  n o t w i t h s t a n d i n g ,  i t  would appear t h a t  
e n g i n e e e r i n g  c o n s i d e r a t i o n s  w i l l  have t o  p l a y  a major  r o l e  i n  
t h e  s e l e c t i o n  of a d i l u e n t  gas. For  t h e  nominal  c a s e ,  r e l i a -  
b i l i t y ,  weight ,  and hardware a v a i l a b i l i t y  w i l l  no doubt  be t h e  
major  f a c t o r s .  

Turn ing  t o  t h e  hardware, t h e  model p o s t u l a t e s  t h e  
need f o r  a d i l u e n t - g a s  r e s e r v o i r  o f  some t y p e .  The s i z e  and 
c o n s t r u c t i o n ,  of c o u r s e ,  a r e  a f u n c t i o n  of  t h e  d i l u e n t  gas ,  
o r i f i c e  area, and t h e  number o f  o p e r a t i n g  c y c l e s  t o  b e  made 
a v a i l a b l e .  T o  enhance t h e  assumpt ion  o f  p e r f e c t  mixing and 
p r o v i d e  f o r  t h e  compara t ive ly  l a r g e  f low r a t e s  i n v o l v e d ,  i t  
i s  proposed  t h a t  t h e  g a s  e n t e r  t h e  c a b i n  th rough  a p e r f o r a t e d  
t o r u s  l o c a t e d  e i t h e r  above o r  below t h e  crew couches .  Relia- 
b i l i t y  of t h e  sys tem might w e l l  b e  enhanced by p r o v i d i n g ,  i f  
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t h e  weight p e n a l t y  i s  a c c e p t a b l e ,  two s e p a r a t e  and r edundan t  
supp ly  s y s t e m s  and d i l u e n t - g a s  r e g u l a t o r s  f o r  t h e  t o r u s .  The 
r e g u l a t o r s ,  as p r e v i o u s l y  mentioned,  shou ld  p e r m i t  i n c r e a s i n g  
f low o f  t h e  d i l u e n t  g a s  between p r e s e t  c a b i n  p r e s s u r e  l i m i t s .  
Though n o t  n e c e s s a r i l y  o p t i m a l ,  t h e  l i m i t s  used  i n  t h e  model 
are  c e r t a i n l y  c a p a b l e  o f  p r o v i d i n g  s a t i s f a c t o r y  per formance .  

It would a l s o  b e  advantageous  t o  have a s i n g l e  con- 
t r o l  which e n a b l e s  t h e  f i r e  e x t i n g u i s h i n g  s y s t e m  and opens t h e  
emergency dump v a l v e ,  b u t  t h i s  i s  n o t  a mandatory r e q u i r e m e n t .  
Adequate t r a i n i n g  i n  t h e  c a p a b i l i t i e s  and o p e r a t i o n  o f  t h e  
s y s t e m  cou ld  do much t o  o f f s e t  t h e  inconven ience  o f  r e q u i r i n g  
a number o f  separate a c t i o n s  t o  i n i t i a t e  t h e  f i r e  e x t i n g u i s h i n g  
c y c l e .  

F i g u r e s  1 and 2 i l l u s t r a t e  t h e  t y p e  o f  d e c i s i o n  
i n v o l v e d  i n  s e l e c t i n g  a n  area f o r  t h e  emergency dump v a l v e .  
A s  f i r e  grows i n  i n t e n s i t y ,  g rea t e r  amounts o f  f u e l  may become 
a v a i l a b l e ,  t h u s  c o n t r i b u t i n g  t o  f u r t h e r  m a l f u n c t i o n s .  The 
r a t e  a t  which t h e  oxygen p a r t i a l  p r e s s u r e  i s  r educed  i s  a d i r e c t  
f u n c t i o n  o f  t h e  o r i f i c e  area. A r a p i d  dump v a l v e  o f ,  as y e t ,  
undetermined  area has been  proposed  as p a r t  o f  t h e  new, u n i f i e d  
h a t c h  on t h e  CM. Wi th in  the  b o u n d a r i e s  imposed by  o t h e r  ha t ch -  
d e s i g n  c o n s t r a i n t s ,  t h e  dump v a l v e  shou ld  b e  c a p a b l e  of  b e i n g  
opened w i t h i n  s e v e r a l  seconds  and shou ld  be as la rge  as 
p o s s i b l e  wi thou t  c a u s i n g  p h y s i o l o g i c a l  boundary c o n d i t i o n s  t o  
be  exceeded .  

The e f f i c i e n c y  o f  t h e  proposed  s y s t e m  i n  e x t i n g u i s h i n g  
a f i r e  i n f l i g h t  i s p r e d i c a t e d  upon t h e  c r e a t i o n  of  a n  atmos- 
p h e r e ,  i n  t h e  minimum p o s s i b l e  t i m e ,  which w i l l  n o t  s u p p o r t  
combust ion.  By r a p i d l y  s t a r v i n g  t h e  f i r e  o f  oxygen, one 
minimizes  t e m p e r a t u r e  and p r e s s u r e  r i s e  which would o t h e r -  
wise a i d  i n  p r o p a g a t i n g  t h e  f i r e .  P r e v e n t i n g  a t e m p e r a t u r e  
b u i l d u p  a l s o  works a g a i n s t  a r e o c c u r r e n c e  o f  t h e  f i r e  and 
b e t t e r s  t h e  chance o f  m a i n t a i n i n g  a n  a tmosphere  which i s  
t o l e r a b l e  t o  crew members  who, i n i t i a l l y  a t  l e a s t ,  a re  i n  
cons t an t -wea r  garments .  

Thus,  t h e  immedia t e  and c o n c u r r e n t  a c t i o n s  r e q u i r e d  
upon d i s c o v e r y  o f  a f i r e  i n  t h e  s p a c e c r a f t  a re  (1) t u r n  o f f  
c a b i n  oxygen supp ly  and c i r c u l a t i n g  f a n s ,  ( 2 )  v e n t  c a b i n  
t h r o u g h  emergency dump v a l v e  and ( 3 )  a c t i v a t e  pu rge  of  d i l u e n t  
gas, If t h e  a s t r o n a u t s  a r e  i n  t h e i r  s u i t s ,  t h e  p rocedure6  are 
s i m p l i f i e d .  The f i r e  e x t i n g u i s h i n g  s y s t e m  would be p r e s e t  t o  
m a i n t a i n  c a b i n  p r e s s u r e  below t h e  minimum s u i t  l o o p  o p e r a t i n g  
p r e s s u r e .  T h i s  would minimize o r  e l i m i n a t e  t h e  p o s s i b i l i t y  
o f  c o n t a m i n a t i n g  t h e  s u i t  l o o p  w i t h  d i l u e n t  g a s .  Hence, a f t e r  
a l l o w i n g  Bke sys tem t o  o p e r a t e  f o r  a g i v e n  amount o f  t i m e ,  t h e  
crew would c l o s e  t h e  dump v a l v e ,  t u r n  o f f  t h e  d i l u e n t  gas 
sys t em,  and d i r e c t  t h e i r  a t t e n t i o n  t o  p r e v e n t i n g  a r e o c c u r r e n c e  
o f  t h e  f i r e .  
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I f  t h e  crew were i n  t h e i r  cons tan t -wear  ga rmen t s ,  
theywould  r e q u i r e  a supplementa l  emergency oxygen sys tem f o r  
u s e  d u r i n g  t h e  f i r e  e x t i n g u i s h i n g  c y c l e .  S i n c e  t h e  f i r e  
e x t i n g u i s h i n g  c y c l e  i s  p o t e n t i a l l y  l e s s  t h a n  a m i n u t e ' s  
d u r a t i o n ,  i t  a l s o  seems r e a s o n a b l e  t o  r e q u i r e  tha t  t h e  crew 
comple te  t h e  c y c l e  b e f o r e  donning t h e i r  s u i t s .  The p r e s s u r e  
s u i t s  and s u i t  c i r c u i t  have t o  b e  purged  under  t h e s e  c o n d i t i o n s  
t o  e n s u r e  t h a t  t h e y  are n o t  contaminated  by t h e  d i l u e n t  g a s .  

Af t e r  t h e  f i r e  was e x t i n g u i s h e d  and c o r r e c t i v e  a c t i o n  
had been t a k e n ,  t h e  c a b i n  atmosphere cou ld  b e  r e t u r n e d  t o  normal 
by v e n t i n g  t o  a vacuum ( w i t h  s u i t s  on)  and t h e n  r e p r e s s u r i z i n g  
w i t h  oxygen. 

C O N C L U S I O N S  AND RECOMMENDATIONS 

T h i s  memorandum p r e s e n t s  a scheme f o r  d e a l i n g  w i t h  
s p a c e c r a f t  f i r e s  i n  f l i g h t .  The e f f e c t i v e n e s s  o f  u s i n g  a 
d i l u e n t  g a s  i n  tandem w i t h  c a b i n  d e p r e s s u r i z a t i o n  as a means 
o f  e x t i n g u i s h i n g  o r  c o n t r o l l i n g  a f i r e  must be e s t a b l i s h e d .  
It i s  r e c o g n i z e d  t h a t  MSC has  performed a number o f  t e s t s  
which are s imilar  t o  t h e  method proposed  h e r e i n .  They  have 
n o t ,  however,  d u p l i c a t e d  t h e  t i m e  frame and t h e  p a r t i a l  pres -  
s u r e s  o f  oxygen which t h e  p r e s e n t  s t u d y  i n d i c a t e s  are  d e s i r a b l e .  
T h e r e f o r e ,  i t  i s  recommended tha t  expe r imen t s  be  per formed t o  
d e t e r m i n e  whether r a p i d  r e d u c t i o n  of  oxygen p a r t i a l  p r e s s u r e  
( i . e .  5-15 seconds )  combined w i t h  m a i n t a i n i n g  a t o t a l  p r e s s u r e  
of 3 p s i a ,  b y  means o f  a d i l u e n t  gas ,  i s  e f f e c t i v e  as a means 
of e x t i n g u i s h i n g  a f i r e .  
i t  i s  f u r t h e r  recommended t h a t  MSC i n i t i a t e  a d e s i g n  t r a d e - o f f  
s t u d y  aimed a t  s e l e c t i n g  t h e  bes t  d i l u e n t  g a s  and hardware 
s y s t e m ,  w i t h  s p e c i a l  a t t e n t i o n  g i v e n  t o  t h e  q u e s t i o n s  ra i sed  
on gas dynamics and p r e s s u r e  e f f e c t s .  

If t h e  r e s u l t s  p rove  t o  be encourag ing ,  

With regard t o  t h e  hardware a s p e c t s ,  i t  i s  s u g g e s t e d  
t h a t  t h o s e  p e r s o n s  r e s p o n s i b l e  f o r  s i z i n g  t h e  r a p i d  dump v a l v e  
i n  t h e  new s i d e  crew h a t c h  b e  made aware o f  t hese  developments  
s i n c e  t h e  e f f e c t i v e  area o f  t h a t  v a l v e  i s  c r u c i a l  t o  t h e  
a t t a i n m e n t  of  a q u i c k  a c t i n g  s y s t e m .  

The mat ter  of t i m i n g  must b e  s t ressed.  From e x p e r i e n c e  
i n  a l l  h igh  per formance  j e t  a i r c r a f t ,  i t  has been found tha t  
emergency s i t u a t i o n s  o f t e n  degrade q u i t e  r a p i d l y .  Emergency 
s y s t e m s  i n  t hese  v e h i c l e s  r e q u i r e  c h a r a c t e r i s t i c s  which con- 
t r i b u t e  t o  a n  e f f e c t i v e  r e sponse  by t h e  crew members .  That  i s ,  
t h e y  s h o u l d  be  s i m p l e ,  r e l i a b l e  and a c c e s s i b l e .  F u r t h e r ,  
t h e y  s h o u l d  be  i n i t i a t e d  t h r o u g h  a b a s i c ,  D o s i t i v e  a c t i o n  on 
t h e - p a r t  o f  a crew member. 
sys tem t o g e t h e r  such  tha t  r e a c t i o n s  i n  a n  emergency become 
a lmos t  a u t o m a t i c .  Such f a c t o r s  must become p a r t  o f  any 

C r e w  t r a i n i n g  t i e s  t h e  emergency 
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emergency system proposed for Apollo. Hardware design must 
also preclude inadvertent operation while allowing for 
restoration of normal conditions if inadvertent operation 
occurs. 
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